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Abstract:  
This paper seeks to identify and quantify sources of the lagging productivity in Singapore’s retail 
sector as reported in the Economic Strategies Committee 2010 report. A two-stage analysis is 
adopted. In the first stage, the Malmquist productivity index is employed which provides 
measures of productivity change, technological change and efficiency change. In the second 
stage, technical efficiency estimates are regressed against explanatory variables based on a 
truncated regression model. Sources of technical efficiency were attributed to quality of workers 
while product assortment and competition negatively impacted on efficiency. 
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1. Introduction 
The emphasis of productivity for economic growth in Singapore is evident since the 
1970s. In 1972, the first official productivity body, the National Productivity Board (NPB), was 
established to improve productivity in all sectors of the economy. In the1980s, the NPB launched 
the National Productivity Movement through productivity campaigns to promote public 
awareness on the importance of productivity as a pillar to Singapore’s economy. These campaigns 
focused on improving work attitudes and management practices to raise the workforce efficiency 
and recognised through national awards. However, when studies by Kim and Lau (1994), 
Krugman (1994) and Young (1995) empirically showed that Singapore’s growth was mainly 
driven from factor accumulation and not through efficiency, it struck a nerve in the Singapore 
government which initiated further plans of productivity-driven programs and initiatives from the 
mid-1990s and 2000s.  
In 1996, the NPB and the Singapore Institute of Standards and Industrial Research (SISIR) 
merged to form the Singapore Productivity and Standards Board (PSB), a statutory board under 
the Ministry of Trade and Industry. Under a ten-year plan, its mission was to spearhead the 
National Productivity Movement and raise the productivity standards through a myriad of 
initiatives such as ‘Productivity Action 21’ (ProAct 21), Small and Medium Enterprises 21 (SME 
21) and Retail 21.1 In 2002, PSB’s productivity-related functions were transferred to the 
Standards, Productivity and Innovation Board (SPRING). SPRING Singapore, a statutory board 
under the Ministry of Trade and Industry, aimed to promote innovation as a key contributor of 
productivity growth with focus to transform Singapore into a knowledge-driven economy.  
However, labour productivity estimates drawn from the Yearbook of Statistics 2011 
showed Singapore’s productivity declined from 2.0 percent in 2006 to -7.5 percent in 2008, and -
                                                 
1 These plans were launched in 1999, 2000 and 2001, respectively. 
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3.4 percent in 2009. In services, the productivity growth estimates were respectively 1.8, -4.0 and 
-4.2 percent. Within the services sector, wholesale and retail sector reported significant decline in 
productivity growth; from a respectable growth of 4.9 percent in 2006, it fell to -1.9 percent in 
2008 and further declined to -7.7 percent in 2009. Negative productivity growth poses a major 
problem as it lowers a country’s competitiveness, which is detrimental to Singapore’s economic 
growth especially since Singapore’s strategic plan to remain internationally competitive is based 
on its Strategic Economic Plan 1991 which was to develop and maintain a manufacturing-service 
nexus. The symbiotic relationship between manufacturing and services suggest that improvements 
in one sector have a flow-on effect onto others and vice-versa. Consequently, any negative 
outcome would have a devastating impact on other sectors thus rendering the economy helpless.  
In 2009 the Economic Strategies Committee was formed to address this lagging 
productivity problem and released a document Economic Strategies Committee Report 2010 
(henceforth ESC 2010). ESC (2010) reported that Singapore’s productivity in the retail sector was 
about 75 percent of Hong Kong and one-third that of the United States. Recommendations of the 
ESC (2010) were based on three broad priorities - boosting of skills in every job, deepening 
corporate capabilities, and making Singapore a global city. While the recommendations are 
viewed from a macroeconomic perspective to meet macroeconomic objectives, they may not 
necessarily address the microeconomic problem, thus the one-size-fits all solution may be 
inadequate. It is essential to determine the sources of the laggard productivity faced at industry 
level in order to ascertain the appropriate measure to be administered. Productivity estimates 
reported in ESC (2010) were in terms of labour productivity which does not accurately measure a 
country’s productivity performance since there are other factors of production that also contribute 
towards value added. It is more meaningful to measure productivity in terms of total-factor 
productivity (TFP) since TFP is the portion of output not explained by the amount of inputs used 
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in production. As such, its level is determined by how efficiently and intensely the inputs are 
utilised in production.  
 There are only a handful of studies on Singapore’s service sector - Tan and Virabhak 
(1998), Mahadevan (2000) and Kong and Tongzon (2006). While these studies do include the 
retail sector, the results are aggregated and cover the period before 2000. At the national level, 
these include Kim and Lau (1994), Krugman (1994), Rao and Lee (1995), Young (1995) and Toh 
and Low (1996). These studies also report aggregated results and cover only the period before 
2000. As far as the author is aware, no official published productivity study specifically on retail 
sector has been done since 2000. Motivated by the statements of ESC (2010), the current study 
aims to fill this void with a focus on the retail sector to identify and quantify sources of poor 
productivity. The objectives of the paper is twofold: first, to measure and reappraise productivity 
change of the industries in the retail sector; and second, to seek out and determine sources of 
efficiency drivers by regressing the technical efficiency scores against a set of explanatory 
variables. 
The paper comprises five main sections. Section 2 presents the empirical methodology 
employed. Section 3 describes the inputs and outputs employed. Section 4 discusses the results on 
TFP, technological change, and efficiency change as well as the regression analysis. The paper 
concludes with some brief remarks in Section 5. 
 
2. Methodology 
The current study employs the nonparametric output-oriented Malmquist productivity 
index that decomposes productivity change between two periods into technological change and 
efficiency change. Output-orientation refers to the emphasis on the maximum proportional 
expansion of output (y), given the level of inputs (x) and is an appropriate choice given the 
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objectives of retail firms and industries to maximise output given input constraints. We assume 
output-orientation on the basis that each industry is a proponent of its characteristic type of 
industrial activity and in the interest of maximizing profit, each group utilizes its resources 
efficiently to maximise output (Tan, 2006).  
Over the years, the Malmquist productivity index has been widely employed by many 
studies at the industry level. These include Färe et al. (1992) in the pharmaceutical industry, 
Hjalmarsson and Veiderpass (1992) in electricity retail distribution, Price and Weyman-Jones 
(1996) in the gas industry, Leung (1998), Tan (2006) and Oh (2011) in manufacturing, Rezitis 
(2006), Jaffry et al. (2007), Guzmán and Reverte (2008), Chiu et al. (2010), Lee et al. (2010) and 
Fadzlan (2011) in banking and financial services, Worthington and Lee (2008) and Kempkes and 
Pohl (2010) in higher education, Luh et al. (2008) and Balcombe et al. (2008) in agriculture. The 
Malmquist approach has also been extended to include a bootstrapped approach, such as 
Arjomandi et al. (2011) and Assaf (2011). Productivity growth analysis can also be measured 
using the parametric approach stochastic frontier analysis (SFA). However, unlike SFA, the 
Malmquist productivity index, based on a nonparametric data envelopment analysis approach, 
does not require any specification of a specific functional form relating inputs to outputs or the 
setting of weights for the various factors. It also outweighs the stochastic frontier analysis in 
terms of its decomposition of TFP into technological change and efficiency change as well as its 
ability to provide information on scale efficiency without the need for price data. Malmquist 
productivity index however lacks in statistical inference and does not provide any explanatory 
power.  To handle this matter, we employ a second stage analysis suggested by Ray (1991) and 
Coelli et al. (2005).  
In the first stage, TFP is estimated using the Malmquist Productivity Index. Following 
Färe et al. (1994), the output-oriented Malmquist productivity change index is expressed as: 
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where the superscript O indicates an output-orientation, M is the productivity of the most recent 
production point (xt+1, yt+1) (using period t + 1 technology) relative to the earlier production point 
(xt, yt) (using period t technology), D are output distance functions, and all other variables are as 
previously defined. Values greater than 1.00 indicate TFP growth between the two periods. 
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and is decomposable into technological change (equation 3) and efficiency change (equation 4), 
 TC  DtO ( yt1,xt1) / Dt1O ( yt1, xt1)   DtO ( yt ,xt ) / Dt1O ( yt , xt )   12   (3) 
EC  Dt1O (yt1, xt1) / DtO (yt , xt )      (4) 
M (Malmquist TFP) is the product of a measure of technological change TC (‘frontier-shift’ effect 
which comes from innovation and diffusion of new technology) measured by shifts in the frontier 
between period t + 1 and period t and EC (‘catch-up’ effect) is the efficiency change over the 
same period, which measures how much closer to the frontier the firm/industry is by capturing the 
extent of knowledge of technology use either from changes in improved resource allocation or 
reduction in organisational slack. Following Ray and Desli (1997), EC can be decomposed into 
pure technical efficiency (PTE) (equation 5) and scale efficiency (SE) (equation 6), which 
explains the main sources of efficiency change.  
PTE  Dt1V (yt1, xt1) / DtV (yt , xt )       (5) 
SE  SEt (yt1, xt1) / SEt (yt, xt )   SEt1(yt1, xt1) / SEt1(yt, xt )  1/2   (6) 
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whereby v refers to variable returns to scale. A detailed description of the Malmquist productivity 
index is found in Coelli et al. (2005).  
In the second-stage analysis, we first attempt a sensitivity test based on Simar and 
Wilson’s (1999) bootstrapping approach to derive confidence intervals to test the significance of 
the TFP scores. After which, the technical efficiency scores are regressed against explanatory 
variables using a truncated regression model which uses a maximum likelihood estimation. 
Determining how these explanatory variables impact on efficiency is essential for management in 
each retail industry in assessing performance improvement strategies.  
 
3. Data and Input/Output Specification  
For the first stage, data were drawn from the Singapore Department of Statistics, 
Economic Surveys Series: Retail Trade from 2005 to 2008. In any time-series study, a longer 
time-period, such as 2000 to 2008 would have been ideal. However, data prior to 2005 were not 
available and thus the current study is restricted to the period 2005-2008. We employ a capital-
labour-energy-materials-output (KLEMQ) framework similar to Tan (2006). One output and four 
inputs, described below are identified. These are value added, gross fixed assets, number of 
workers, expenditure cost on utilities and costs of purchases for goods sold and own use.  
Output is measured using value added. Capital is represented by gross fixed assets. Labour 
is the total number of workers employed. Ideally average number of hours worked by retail 
industry would be more appropriate but since this was only available for retail sector as a whole 
and changes in weekly working hours over the years were minimal, the number hours of worked 
is not used. Energy here refers to expenditure cost on utilities. Materials, reported in monetary 
values, refer to costs of purchases for goods sold and own use. We assume that this is similar to 
consumption of raw materials and packing materials consumed in the production process. All 
monetary variables are converted into 2005 prices to account for inflationary effect. Value added 
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was deflated using retail price index; gross fixed assets were deflated by gross fixed capital 
formation deflators; utilities were deflated using the price indices of electricity tariff; and 
materials were deflated using the domestic supply price index.  All deflators and price indices 
were drawn from the Yearbook of Statistics 2011. 
In the second stage regression analysis, four variables were identified and considered to 
have some influence on retail industry efficiency. These are marketing, quality of worker, product 
assortment and competition. Data on these variables are drawn from the Singapore Department of 
Statistics, Economic Surveys Series: Retail Trade from 2005 to 2008.  
Marketing is measured by the proportion of expenditure on advertising to total operating 
expenditure. Keh and Chu (2003) proxied availability of information by approximating number of 
weekly advertising fliers distributed to consumers. While such data is not available, the closest 
proxy to this was the proportion of expenditure on advertisement which is considered as 
marketing and provides information to consumers on product/service availability. 
Quality of worker is measured using remuneration per worker which follows Ricardo and 
Francisco (2009). As noted by Lusch and Moon (1984), greater wage level makes it possible for 
the company to attract a more highly skilled labour force and assumed to be more efficient. 
Product assortment refers to the variety of goods/services for sale. A meaningful way to measure 
product assortment would be the width (narrow or wide) and depth (shallow or deep) of all 
product lines in a retail store (Lusch and Moon, 1984). The rationale being that a store, which has 
more inventories per square metre is able to offer more selection to its customers than others with 
lower inventory per square metre (Lusch and Moon, 1984). However, such specificity is very 
difficult to obtain. Limited by data availability, we follow Sellers-Rubio and Más-Ruiz (2009) 
concept of product assortment which is inventory investment per square metre whereby we use 
goods for sale (total monetary value) per square metre. Number of establishments is a proxy to the 
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level of competition assuming that more establishments represent higher levels of competition 
which in theory encourages firms to be more efficient.  
 
4. Empirical results  
The estimates of TFP growth, technological change and efficiency change are reported in 
Table 1.  
[INSERT TABLE 1] 
There was zero growth in TFP with both technological change (TC) and efficiency change (E) 
contributing zero percent each. Decomposing E, we note that gains were from pure technical 
efficiency (PTE) of 0.9 percent whereas scale efficiency (SE) contributed -0.9 percent. On the 
whole, results from Table 1 show that productivity gains were initially from E (2005-06 and 
2006-07) but in 2007-08, TFP gains were from TC. The most significant finding from Table 1 
was that on average, productivity performed relatively well, albeit stagnant TFP. Therefore, the 
results suggest that contrary to the statements of ESC (2010), the period 2005-08 is characterized 
not so much by productivity regress but rather by stagnation. Table 1 results stress the importance 
of measuring TFP over labour productivity since the latter does not truly measure an economy’s 
productivity performance. While TFP results present a more positive view of Singapore’s retail 
performance, the results of stagnant TFP still calls for concern. 
Due to the heterogeneous nature of retailing and to better understand TFP and its 
decomposed components over the period 2005-08, we look at the annual growth rates of each 
component by industry level. Table 2 present the annual change for TFP, TC and E and Table 3 
present the annual change for PTE and SE. 
[INSERT TABLE 2] 
[INSERT TABLE 3] 
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Two outcomes are observed from Tables 2 and 3. The first outcome from Table 2 is that 
TFP changes for 2005-06 and 2006-07 are largely attributed to E while TC exhibits negative 
change meaning that any gains in TFP came only from improvements in managing operating 
costs or reduction in organisational slack. Negative TC indicates that innovation and diffusion of 
new technology are not fully realised. In 2007-08, we see a role-reversal with E lagging behind 
while TC becoming the main contributor to TFP which indicates ‘best-practice’ methods being 
adopted suggesting that diffusion of new technology now taking place. The second outcome from 
Table 3 is that SE has been regressing over the years which might suggest that retail industries are 
facing stiffer competition from new entrants which affects a firm’s operational size (ie. from 
19,959 in 2005 to 20,340 establishments in 2008). In addition, it is also expected for firms not to 
be at their ideal scale of operations especially with the Global Financial Crisis (GFC) in 2008 
causing uncertainty in the business sector leading to reduction in retail sales and thus downsizing 
of retail operations.  
 We test the reliability of the Malmquist TFP scores via statistical inference using the 
bootstrap approach of Simar and Wilson (1999). Confidence intervals at 0.05 level are estimated 
in order to assess the ‘null hypothesis’ of insignificant productivity change, efficiency change and 
technological change, which predicts that the corresponding measures are not statistically 
different from unity. As our sample size is small, bootstrapping replicates our dataset to generate 
an appropriately large number of pseudo-samples of 2000. The sensitivity test showed that all the 
scores were statistical insignificant, thus the ‘null hypothesis’ cannot be rejected.  
To analyse drivers of efficiency, technical efficiency scores are regressed against a set of 
explanatory variables. The estimated specification for the truncated regression model is expressed 
as: 
0 1 2 3 4t t t t t tTE Mark Quality Assort Comp              (7) 
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whereby Mark refers to marketing, Quality refers to quality of workers, Assort refers to product 
assortment, and Comp refers to level of competition. The truncated regression model is employed 
since the dependent variable are efficiency scores that range between 0 and 1 which indicates a 
lower and upper limit that fits the second stage DEA regression. The regression results from the 
estimation of equation (7) are reported in equation (8). 
* *0.6811 0.0022 ( ) 0.2299 ( ) 0.0506 ( )
(0.1010) (0.8490) (0.0000) (0.0213)
*0.0360 ( )
(0.0311)
t t t t
t
TE Mark Quality Assort
Comp
    

  (8) 
The z-statistics are given in the parentheses. 
 Equation (8) shows marketing not statistically significant at 0.05 thus having little impact 
on efficiency. Quality of worker is statistically significant and contributes positively to efficiency 
which suggests that better service quality influences retail performance. Product assortment is 
statistically significant and has a negative impact on efficiency which suggest that diversification 
of products may have reduced a firm’s effectiveness in promoting products. Having too much 
variety may have led to consumer confusion and taking too much time in locating products.  
Competition is statistically significant and negatively influences efficiency. While economic 
theory dictates that firms tend to be more efficient when competition arises, this is not evident in 
our results. A possible explanation for competition leading to inefficiency is the problem of 
‘duplication’.  This phenomenon occurs when a retailer has an outlet in every departmental store 
and that the departmental stores are next to each other thus leading to ‘duplication’. In a 
competitive environment, competing rivals will follow suit and adopt the ‘duplication’ model thus 
leading to departmental stores having similar retail outlets as others. This is evident along the 
stretch of Orchard Road in Singapore. Inefficiency thus arises from not only having too many 
outlets within a specified area (ie. redundancy) but also having to compete with one’s own outlet. 
So what do these figures suggest to policymakers? From the laggard productivity of Singapore’s 
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retail sector, the comments of ESC (2010) suggests emphasis on training and equipping workers 
with more skills in order to provide better service. A key feature to note with regards to Singapore 
is its cultural diversity thus suggesting that retail workers need to not only have the correct skills 
but be able to communicate and understand the expectations and demands of a multi-racial and 
culturally-diverse society.  
 
5. Concluding Remarks  
The current study analysed productivity growth in Singapore’s retail sector for the period 
2005 to 2008 using a two-stage approach. In the first stage, Malmquist productivity index was 
employed to estimate TFP change, technological change and efficiency change. In the second 
stage, sources of technical efficiency were quantified using a truncated regression model. The 
results observed are as follows: First, TFP growth remained stagnant as well as technological 
change and efficiency change. But, on an annual basis, TFP growth were recorded for years 2005-
06 and 2007-08 while negative TFP growth was recorded in 2006-07. Our results thus 
demonstrate the reasons why TFP analysis is warranted since labour productivity estimates 
reported in ESC (2010), underestimates the true productivity growth. Second, we observed that 
quality of worker is statistically significant and positively impacts on firm efficiency. 
Whilst the study provides interesting results, it should be noted that a limitation of the 
study was its small sample size. A large sample size would provide more robust results, especially 
when using the Malmquist productivity index model. Other areas that may improve the analysis 
and provide more robust results include more explanatory variables such as the amount of funding 
provided by the government at industry level to measure the impact skills programs and initiatives 
had on TFP. Another variable worth considering is the degree of foreign ownership to assess 
differences in TFP between foreign and local management. Information and Communications 
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Technology (ICT) is another important variable which may help explain variability in TFP 
especially for firms that are large enough to achieve economies of scale and adopting new and 
innovative approaches to reach out to consumers via virtual means (ie. online retail or electronic 
commerce) to further increase sales revenue. However, these data are not available at the industry 
level and thus omitted from our study. Nonetheless, the current findings provide useful 
information for policymakers to implement appropriate measures to help address the laggard 
productivity growth of its retail sector. A future study worth undertaking is a cross-country 
comparison with the likes of Hong Kong and the United States since ESC (2010) stresses 
Singapore’s relatively lower productivity levels to these countries. By attempting a TFP study 
using the same approach as the current study, a cross-country comparison would provide a more 
accurate analysis and result of Singapore’s retail sector performance relative to Hong Kong and 
United States. 
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Table 1: TFP, Technical Change and Efficiency Change of Singapore’s Retail 
Sector, 2005-2008 
 TFP  TC E PTE SE 
2005-06 1.014 0.965 1.051 1.019 1.032 
2006-07 0.953 0.934 1.020 1.026 0.994 
2007-08 1.036 1.109 0.934 0.983 0.950 
Mean 1.000 1.000 1.000 1.009 0.991 
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Table 2: TFP Change, Technological Change and Efficiency Change 2005-2008
 TFP Change Technological Change Efficiency Change 
 2005-06 2006-07 2007-08 2005-06 2006-07 2007-08 2005-06 2006-07 2007-08 
Department Stores and Supermarkets 1.014 0.826 1.027 0.974 0.963 1.100 1.041 0.858 0.933 
Minimarts, Convenience Stores, Provision & Sundry Shops 0.953 1.145 1.037 0.974 0.958 1.160 0.979 1.196 0.894 
Food, Beverages & Tobacco 1.102 0.938 1.147 0.954 0.945 1.110 1.155 0.993 1.034 
Motor Vehicles, Motorcycles, Scooters & Accessories 0.861 1.099 1.014 0.861 1.099 1.014 1.000 1.000 1.000 
Other Transport Equipment 0.996 0.917 0.912 0.965 0.854 1.160 1.032 1.074 0.786 
Pharmaceutical & Medicinal Goods, Cosmetics & Toiletries 0.934 1.109 0.900 0.990 0.983 1.162 0.943 1.128 0.775 
Textiles, Clothing, Footwear & Leather Goods 0.955 0.952 0.946 0.955 0.952 1.048 1.000 1.000 0.902 
Furniture, Furnishings & Other Household Equipment 1.079 0.940 0.910 0.996 0.958 1.112 1.084 0.981 0.818 
Construction Materials, Hardware, Paint & Glass 1.087 0.856 1.300 0.910 0.935 1.054 1.194 0.916 1.234 
Sporting, Other Recreational Goods & Personal Effects 1.220 1.111 1.062 0.993 1.028 1.103 1.228 1.081 0.963 
Fancy Goods, Plants & Pet Animals 0.984 0.923 1.192 0.977 0.927 1.187 1.007 0.996 1.004 
Computers, Telecommunications & Office Equipment 1.146 0.715 0.764 1.146 0.715 0.794 1.000 1.000 0.962 
Optical & Photographic Goods, Books, Magazines & Paper Products 1.216 0.957 0.994 0.995 0.957 1.113 1.222 1.000 0.893 
Other Specific Commodities nec 0.896 1.168 1.071 0.946 0.955 1.285 0.947 1.223 0.833 
Second-Hand Goods & Retail Trade Not In Stores 0.863 0.774 1.452 0.863 0.838 1.342 1.000 0.924 1.082 
Mean 1.014 0.953 1.036 0.965 0.934 1.109 1.051 1.020 0.934 
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Table 3: Pure Technical Efficiency and Scale Efficiency 2005-2008 
 PTE SE 
 2005-06 2006-07 2007-08 2005-06 2006-07 2007-08 
Department Stores and Supermarkets 1.000 0.923 1.070 1.041 0.929 0.873 
Minimarts, Convenience Stores, Provision & Sundry Shops 0.992 1.110 1.067 0.986 1.077 0.838 
Food, Beverages & Tobacco 1.136 0.992 1.024 1.017 1.001 1.010 
Motor Vehicles, Motorcycles, Scooters & Accessories 1.000 1.000 1.000 1.000 1.000 1.000 
Other Transport Equipment 1.000 1.000 1.000 1.032 1.074 0.786 
Pharmaceutical & Medicinal Goods, Cosmetics & Toiletries 0.944 1.088 0.912 0.999 1.037 0.849 
Textiles, Clothing, Footwear & Leather Goods 1.000 1.000 1.000 1.000 1.000 0.902 
Furniture, Furnishings & Other Household Equipment 1.127 0.944 0.878 0.962 1.039 0.931 
Construction Materials, Hardware, Paint & Glass 1.013 0.886 1.222 1.178 1.033 1.009 
Sporting, Other Recreational Goods & Personal Effects 1.199 1.000 1.000 1.025 1.081 0.963 
Fancy Goods, Plants & Pet Animals 1.000 1.000 1.000 1.007 0.996 1.004 
Computers, Telecommunications & Office Equipment 1.000 1.000 1.000 1.000 1.000 0.962 
Optical & Photographic Goods, Books, Magazines & Paper Products 1.186 1.000 0.987 1.030 1.000 0.905 
Other Specific Commodities nec 0.771 1.590 0.683 1.229 0.769 1.219 
Second-Hand Goods & Retail Trade Not In Stores 1.000 1.000 1.000 1.000 0.924 1.082 
Mean 1.019 1.026 0.983 1.032 0.994 0.950 
 
